Aim: Social capital has been considered an important factor affecting mental-health outcomes, such as psychological distress in post-disaster settings. Although disaster-related house condition and displacement could affect both social capital and psychological distress, limited studies have investigated interactions. This study aimed to examine the association between social capital and psychological distress, taking into consideration the interaction of disaster-related house condition after the Great East Japan Earthquake of 2011.
I
T HAS BECOME increasingly evident that natural disasters exert a deleterious effect on mental health. Various studies have found a higher prevalence of depression, anxiety, and post-traumatic stress disorder (PTSD) following disasters. [1] [2] [3] [4] However, there has been inconsistency in the reported predictors of post-traumatic mental health problems. Some studies have examined the role of sex, age, and direct exposure to disasters. 2, 5, 6 It has also become clear that beyond individual traumatic experiences, mental health problems are associated with destruction of and changes in the material and social environment. [7] [8] [9] With respect to the impact of the social context on mental health, greater attention has turned to social capital.
Social capital has been variously defined according to different theoretical approaches. Putnam defined social capital as 'features of social organization, such as networks, norms and social trust that facilitate coordination and cooperation for mutual benefit.' 10 According to the greatest consensus, social capital comprises two components: cognitive and structural. 11, 12 Cognitive social capital refers to the perceived quality of an individual's social relationships; structural social capital reflects an individual's participation in community networks. De Silva et al. 13 presented strong evidence about the inverse association between cognitive social capital and common mental disorders.
Regarding post-traumatic mental health problems, Flores et al. 3 argued that cognitive social capital, but not structural social capital, was protective for PTSD. Another study has reported different patterns of association for both components of social capital with respect to mental health problems, such as PTSD, depression, and anxiety. 14 Although several studies have explored the association between social capital and post-traumatic mental health problems in different settings, 3, 14, 15 efforts to examine the interaction of house destruction or displacement have thus far been limited.
On 11 March 2011, a 9.0-magnitude earthquake -the Great East Japan Earthquake -struck northeastern Japan, producing multiple tsunamis with a maximum height of 40.5 m, which swept the eastern coastline of the Tohoku region. 16 The disaster resulted in 15 893 deaths, with 2567 people missing; over 400 000 residents were forced to evacuate, which led to the devastation of local communities, according to a report from the Japanese National Police Agency on 9 October 2015. Approximately 400 000 properties suffered damage -over half irreparably so. 16 In the present study, we aimed to investigate the association between social capital and psychological distress among survivors of the Great East Japan Earthquake living in Shichigahama. Shichigahama is an area that was severely affected by the earthquake and subsequent tsunami.
METHODS Study design, settings, and participants
The present study is part of a cooperative projectthe Shichigahama Health Promotion Project -conducted by Tohoku University and Shichigahama. Shichigahama is a town located on the coast of Miyagi Prefecture, and it currently has a population of about 19 000 inhabitants. We conducted a crosssectional survey to examine the post-disaster health outcomes of residents in the five areas of Shichigahama that were most seriously affected by the Great East Japan Earthquake; in those areas, housing suffered the greatest destruction. 17 An experienced survey team visited all households in the five areas to distribute a questionnaire. The same team subsequently collected the completed questionnaires. We distributed the questionnaire in October 2012 to subjects whose homes had largescale damage. That was followed in December 2012 by a survey of individuals whose houses suffered small-scale damage. In all, we approached 7036 individuals -2910 with large-scale and 4126 with smallscale house damage. Of 6840 (97%) who received the questionnaire, 4949 (72%) responded. Our inclusion criteria for analysis were age over 20 years and answering questions about social capital and psychological distress. We excluded 1156 subjects who did not answer questions about social capital or psychological distress; thus, 3793 respondents (1494 with large-scale and 2299 with small-scale house damage) were eligible for analyses (Fig. 1) .
Questionnaire
In the present study, we used the data obtained by the Shichigahama Health Promotion Project, which collected the self-administered questionnaires. The questionnaire contained items related to the following: sociodemographic characteristics (age, sex, marital status, education level, and socioeconomic status); lifestyle (smoking status, alcohol drinking, daily time spent walking); clinical information (present medical history, bodyweight, and height); mental disease symptoms; and social capital. The questionnaire also requested detailed information related to the earthquake and tsunami: the subject's location during the disaster; evacuation; damage to the home; presence of post-traumatic stress response; and death of family members.
Mental health outcome
As a mental health outcome, we assessed psychological distress according to the Kessler 6 (K6) scale. Participants were asked to respond to the following question: 'Over the last month, how often have you felt the following: nervous, hopeless, restless or fidgety, so sad that nothing could cheer you up, that everything was an effort, or worthless?' The possible responses were as follows: 'all of the time' (four points), 'most of the time' (three points), 'some of the time' (two points), 'a little of the time' (one point), or 'none of the time' (zero points). The total scores ranged from 0 to 24. The K6 scale is based on modern psychometric theory and is widely used. 17, 18 The Japanese version of the K6 was developed using the standard back-translation method, and it has been validated. 19 Following Kessler et al., we defined psychological distress as a score of 13 or above.
Social capital
Previous studies on social capital and mental health have used cognitive social capital as a measure of social capital. 13 Respondents' perceived trust of others has been commonly employed to assess cognitive social capital. 20 Generalized trust is regarded as one of the most important attitudinal elements of social capital. 10, 20 In line with previous studies, we used generalized trust as a measure of cognitive social capital by means of the following question: 'Would you say that most people can generally be trusted?' The question was rated in terms of five responses: 'Strongly agree,' 'Agree,' 'Neither agree nor disagree,' 'Disagree,' and 'Completely disagree. ' We combined 'Strongly agree,' 'Agree,' and 'Neither agree nor disagree' to create the dichotomous variable of 'High trust'; we likewise combined 'Disagree' and 'Completely disagree' as 'Low trust.' The above question has been widely used in research on adults in the West as well as in Japan. 21 
Statistical analyses
We examined the differences in sociodemographic characteristics between subjects with and without psychological distress using χ 2 and t-tests. We applied the same descriptive analysis to participants with high and low social capital. To estimate the effect of social capital on psychological distress, we performed univariate and multivariate logistic regression analyses. In the multivariate models, we adjusted the odds ratios (OR) for the following: sex; age; smoking (non-smoking, ever smoking, unknown); alcohol consumption (non-drinking, ever drinking, unknown); occupation (employed, unemployed or seeking work, unknown); and presence of chronic disease (defined as having at least one of the following -hypertension, diabetes, dyslipidemia, myocardial infarction, cancer, kidney diseases, or liver diseases; yes, no, unknown).
We also applied stratified analyses. When we found interactions with house destruction and displacement, we created a composite variable to fit a multivariate model. The composite variable contained 12 categories with combinations of social capital (high, low), house destruction (large-scale damage, small-scale damage), and displacement (not displaced, displaced, unknown).
We conducted all statistical analyses using STATA 13.0 (Stata Corporation, College Station, TX, USA). We considered a P-value of <0.05 to denote statistical significance.
Ethical considerations
We regarded response to the questionnaire as consent to participate in the study, which adopted a crosssectional analysis of the survey data. Participants were informed that they were free NOT to participate in the study and reassured that this would not affect their care in any way. Also, participants were told that findings of the study would be published without Tables 3 and 4 present the results of stratified analyses examining interaction. When stratified by house destruction, the effect of low social capital was greater in the group whose houses suffered large-scale damage. The test of effect modification suggested that house destruction level modified the effect of social capital on psychological distress (P for interaction = 0.04), whereas displacement after the disaster did not (P for interaction = 0.13).
Since an interaction of house destruction was detected, we created a new variable combining 
DISCUSSION
In this study, we investigated the association between social capital and psychological distress according to house destruction and displacement after the Great East Japan Earthquake of 2011. In the crude analysis, low social capital and large-scale house destruction appeared to be strong risk factors for psychological distress. In the stratified analyses, we found an interaction with house destruction. In our multivariable model taking into consideration the interaction, participants with low social capital, large-scale house damage, and displacement were around six times more likely to suffer psychological distress than those with high social capital, smallscale house damage, and no displacement. With the same housing condition or displacement status, low social capital posed an additional risk of psychological distress. However, as this study was crosssectional, it was difficult to determine a causal relation or deny the possibility of reverse causality of social capital and house destruction. Generalized and social participation have been commonly used as proxies for social capital. 10, 20 Previous studies have reported an association between generalized trust and more robust health; generalized trust could be an independent predictor of health. 22, 23 In the present study, we found that the single social capital question on general trust was independently associated with psychological distress in the post-disaster setting; this result is consistent with those of previous studies. Furthermore, other demographic factors associated with psychological distress identified in this study are in accordance with those of our previous report. 17 There is ongoing debate on using 'trust' as a single measure of social capital. Goudge et al. 24 suggested that the concept and role of trust in health settings might be highly context-dependent. Better understanding of the concept of 'trust' in various settings would be warranted. In addition, future studies applying various measurements of social capital and mental health recovery would be valuable for deepening our understanding of social capital and mental health.
Some studies on social capital and health outcomes have evaluated the interaction with demographic or socioeconomic factors. Sex and socioeconomic status have been reported to modify the effect of social capital in some studies; by contrast, other investigations found no such interaction. [25] [26] [27] [28] In the present study, sex did not modify the effect of social capital on psychological distress (data not shown). The factors that affect the association between social capital and health outcomes may vary according to different situations or settings. To our knowledge, the present study is the first to explore the interaction with house destruction or displacement in a post-disaster setting. Our findings showed that the effect of social capital on psychological distress was greater among individuals with large-scale house destruction compared to those with small-scale house destruction.
The results of this study should be interpreted with some caution owing to several limitations. First, the cross-sectional nature of the study design makes it difficult to determine causality. There is the possibility of reverse causality, that is, individuals with psychological distress after the disaster had a lower level of generalized trust.
Second, the valid response rate (54% -3793 of 7036 in the study population) was not so high. Our participants may have been biased toward individuals with better mental health status and higher level of social capital. Consequently, the effect of social capital on psychological distress may have been underestimated. Our sub-analysis showed that, although sex distribution was similar, excluded participants were older than those who were included in the analysis (data not shown). Older participants who did not answer questions related to social capital and psychological distress might have had a worse mental status. As the participation rate of older people was lower, the generalizability to the older population is lower. However, that bias does not affect the internal validity of the association between social capital and psychological distress in this study. Third, owing to the various combinations of social capital, house destruction, and displacement, the number of allocated participants for some categories was relatively small. Thus, the sample size in the present study may not have been sufficiently large.
Finally, information about most of the potential confounding factors entered into the analyses was collected by a self-report questionnaire. Reliability of the self-report questionnaire is an issue of concern. Some factors, such as history of chronic diseases, may not have been correctly evaluated. However, at least the reliability and validity of the outcome variable that we used has been confirmed. 19 In conclusion, we found that the association between social capital and psychological distress was modified by the degree of house destruction. Our findings suggest the possibility that among the participants with severe disaster damage, high social capital would play an important role for protecting mental health. These results underpin the importance of social capital measurement and housing-related information in identifying the most vulnerable population in need of special care following a disaster. The present study highlights the need for further experimental research (i.e., pre-and post-disaster interventions to foster social capital and ameliorate related factors) to determine the causal effect of social capital and interaction with other factors.
